We present the largest publicly available catalog of interacting dwarf galaxies. It includes 177 nearby merging dwarf galaxies of stellar mass M * < 10 10 M and redshifts z < 0.02. These galaxies are selected by visual inspection of publicly available archival imaging from two wide-field optical surveys (SDSS III and the Legacy Survey), and they possess low surface brightness features that are likely the result of an interaction between dwarf galaxies. We list UV and optical photometric data which we use to estimate stellar masses and star formation rates. So far, the study of interacting dwarf galaxies has largely been done on an individual basis, and lacks a sufficiently large catalog to give statistics on the properties of interacting dwarf galaxies, and their role in the evolution of low mass galaxies. We expect that this public catalog can be used as a reference sample to investigate the effects of the tidal interaction on the evolution of star-formation, morphology/structure of dwarf galaxies.
1. INTRODUCTION A plethora of observational studies now support the conclusion that mergers between galaxies are frequent phenomena. In the ΛCDM cosmology (Spergel et al. 2007) , the assembly of large scale structure happens in a hierarchical fashion, and mergers play a fundamental role in both the growth and evolution of galaxies (Conselice et al. 2009 ). Both observations and numerical simulations concur that massive elliptical galaxies were likely formed predominantly by the mergers of disk sanjpaudel@gmail.com (SP) rorysmith@kasi.re.kr (RS) sjyoon0691@yonsei.ac.kr (SJY) ashniet.caskortish@gmail.com (PCC) pierre-alain.duc@astro.unistra.fr (PAD) galaxies (Springel et al. 2005; Naab et al. 2007; Duc et al. 2011 Duc et al. , 2015 .
On the other hand, it is a common belief that the shallow potential well of low mass galaxies causes them to be more sensitive to their surrounding environment than massive galaxies. Dwarf galaxies exhibit a strong morphological segregation: the most evolved / oldest dwarf galaxies (i.e dwarf Spheroidal (dSph) or dwarf earlytype (dE)) are found exclusively in the group and cluster environments (Kormendy et al. 2009; Lisker 2009; Boselli & Gavazzi 2006) . Meanwhile dwarfs with ongoing star-formation activity (such as Blue Compact Dwarf galaxies (BCDs, Gil de Paz et al. 2003; Papaderos et al. 1996) or dwarf irregulars (dIrs, Gallagher et al. 1984) are mainly found in less dense environments. Indeed, a study of the environmental dependence on the star-formation activity in dwarf galaxies by Geha et al. (2012) concluded that early-type dwarf galaxies (10 6 < M * < 10 9 ) are extremely rare in the field. The origin of the different dwarf galaxy types and the possible evolutionary links between them are the subject of much research and debate (Lisker 2009 ).
The evolution of dwarf galaxies throughout the merging process has yet to be explored in detail. However, in the last few years the observational evidence for mergers between dwarf galaxies has been growing (e.g. Amorisco et al. 2014; Crnojević et al. 2014; Martínez-Delgado et al. 2012; Johnson 2013; Nidever et al. 2013; Rich et al. 2012; ). The possibilities that certain low mass early-type galaxy (or dEs) might also be formed through mergers, similar to massive ellipticals, has been speculated in order to explain peculiar observational properties such as kinematically decoupled cores and boxy shape isophotes (Toloba et al. 2014; Graham et al. 2012; Geha et al. 2005) . If this is the case, one might expect the progenitors of some dEs to exhibit characteristic features that arise during mergers, such as tidal debris.
Much work has been done to understand the physical processes driving galaxy evolution in the merger of massive galaxies. It has been shown by many observational and theoretical studies that, during the intermediate phases of interactions, large scale tidal interactions trigger the formation of peculiar features like shells, streams, bridges and tails (Toomre & Toomre 1972; Eneev et al. 1973; Barnes & Hibbard 2009; Struck & Smith 2012; Duc & Renaud 2013) . The presence of such structures,which is also predicted by numerical simulations, is now frequently observed in deep imaging surveys (Conselice & Gallagher 1999; Smith et al. 2007; Tal et al. 2009; Duc et al. 2011 Duc et al. , 2014b Kim et al. 2012; Struck 1999; van Dokkum 2005) .
In the low mass regime, a detailed study of interacting systems has been exceptionally rare. This is likely because such systems are not as easy to observe as in massive systems. A part of the reason for this could perhaps be that the tidal features which are produced are not as spectacular as in merging giant galaxies due to the relatively weak tidal forces acting upon them. But certainly dwarf galaxies, by nature, are inherently low surface brightness systems and thus the tidal feature emerging from them are often even more low-surface brightness, making them challenging to detect. Only recently, with the advent of low surface brightness imaging techniques, and dedicated data reduction procedures, have we been able to better detect such features (Abraham & van Dokkum 2014; Duc et al. 2014a; Mihos et al. 2017) .
Dwarf-dwarf interactions might also be distinct from giant-giant interactions for another reason. In low density environments, dwarfs are often much more gas rich than giant galaxies. Furthermore, the dynamics of gas is not scalable in the same way that the dissipationless star and dark matter components are. For example, the neutral hydrogen in galaxies has a typical velocity dispersion of ∼10 km/s. For giants, with rotation velocities of more than 100 km/s, this internal velocity may have a minor contribution to the overall disk dynamics. However for dwarf galaxies, a 10 km/s velocity dispersion can make a significant contribution to the internal dynamics. This may potentially lead to a difference in the starformation efficiency and overall evolutionary history of dwarf galaxies compared to giants.
A few detailed observational studies of some individual dwarf galaxies with merging feature have been reported in recent years (Rich et al. 2012; Paudel et al. 2015; Pearson et al. 2016; Annibali et al. 2016 ). In our nearby vicinity, apart from the infamous interaction between the Magellanic clouds, there is also NGC 4449, an ongoing interaction between a Magellanic type dwarf and it's nearby dwarf companions (Putman et al. 2003; Martínez-Delgado et al. 2012; Rich et al. 2012; Besla et al. 2016) in which a small stretched stellar stream is observed at the edge of the NGC 4449. The presence of a shell feature in the Fornax dwarf spheroidal has also been interpreted as a relic of a recent merger (Coleman et al. 2004; Yozin & Bekki 2012) . In addition to this, Paudel et al. (2015) reported interactions between dwarf galaxies where the overall morphological appearance is similar to that of the well known giant system Arp 104. Also there is UM 448, a merging blue compact dwarf galaxy (BCD), which possesses a pronounced tidal tail that was studied in James et al. (2013) .
Despite these detailed studies of a few intriguing examples, very little is known about whether these systems are representative of dwarf-dwarf interactions in general. Nevertheless, given that the majority of galaxies in the Universe are dwarfs, it is clearly important to know how dwarf galaxies evolve through the merging process. Dwarf galaxies not only differ in mass from giant galaxies, but they also have higher gas mass fractions and lower star-formation efficiencies. Low mass galaxies are also typically dominated by exponential disks. How might these properties affect the interaction compared to their giant counterparts? Despite the very similar visual morphology of UGC 6741 system to Arp 104, Paudel et al. (2015) reported a number of star forming region in the bridge connecting the two interacting galaxies, whereas such star formation is completely absent in Arp104 (Gallagher & Parker 2010) . Dwarf galaxies, by definition can exert lower tidal forces compared to their massive counterparts -does this result in differences in the tidal features compared to those produced by the much stronger tidal forces of giant galaxies? Antenne (NGC 4038/39), Mice (NGC 4676), Tadpole (UGC 10214) and Guitar (NGC 5291) are some spectacular examples of tidal features that we observe in the interactions between giant galaxies. In addition to this, prominent shell features (e.g. NGC 747 or NGC 7600) are also commonly observed in giant elliptical galaxies (Duc et al. 2015) .
Recently, a systematic study of dwarf galaxy pairs, likely to be interacting, in the SDSS data base has been Top: Examples where we conclude a dwarf galaxy is interacting with, and being deformed by the tidal field of a nearby giant galaxy and they have been excluded from the catalog. Bottom: Examples of dwarfs that we classify as having interacted with another dwarf, categorized into three different types of tidal features (i.e. from left to right; interacting, tidal tail and shell features). For all images, the black horizontal bar represents a scale of 30 .
presented by Stierwalt et al. (2015) , although the full catalog of 104 dwarf-dwarf pair galaxies with the name and position of the galaxies has yet to be publicly released. They are mostly gas-rich and star forming systems, located in low density environments. A sub-set of this sample is studied in Pearson et al. (2016) , where their HI morphology is analyzed. They find an extended HI morphology in their tidally interacting galaxy sample compared to non-paired analogues. In this work, we focus on the optical morphology of dwarf-dwarf galaxy interactions. For this, we first create a sample of interacting dwarf galaxies based on a visual analysis of color images from the Sloan Digital Sky Survey (SDSS). We have conducted a systematic search for dwarf galaxies possessing tidal feature, such as stellar streams, shells or filaments, through a careful examination of the SDSS images. Although these features could also be produced by interactions with other galaxies, in this work we try to focus on a sample of dwarf galaxies with tidal features that are likely produced by dwarf-dwarf mergers.
Without aiming to provide detailed science of dwarfdwarf mergers in this study, we instead aim to provide a sample of dwarf-dwarf merging systems that can later be used for more detailed science. Given the fairly good number statistics of our sample, we also attempt to understand their typical environment.
For this work, we adopt a standard cosmological model with the following parameters: H 0 = 71 kms −1
Mpc
−1 , Ω m = 0.3 and Ω Λ = 0.7.
SAMPLE SELECTION 2.1. Selection of dwarf-dwarf interactions
Our main aim is to create a large catalog of merging dwarf galaxies. We are mostly interested in dwarf galaxies with tidal features that are likely to be produced by interacting/merging dwarf galaxies. We first search for such disrupted candidates in the large imaging database of the SDSS and the Legacy survey 1 . For this, we use a visual inspection of the true color images from the SDSS-III (Aihara et al. 2011 ) and the Legacy survey (Blum et al. 2016 ). The parent sample of galaxies is drawn using a query in the NED where we select galaxies within a redshift range of z < 0.02 from the region of sky covered by the SDSS and Legacy survey. We start by selecting galaxies of magnitude M r >-19 Representative examples of the different morphological classes by which we categorize our merging dwarf galaxies. The field of view and color stretching is arbitrarily chosen to make best view of both interacting galaxies and low-surface brightness features. An image scale of 30" is shown by the black horizontal bar. See §2.2 for further details. The complete list of images is shown in Figure 12. mag to ensure the parent sample of galaxies is predominantly composed of dwarf galaxies. However, note that this magnitude cutoff is only to select the parent sample and we apply a further stellar mass constrain to select the final sample. The stellar mass of candidate galaxies in this sample are measured from our own photometric measurement as described in §3. The total number of galaxies in this redshift range is ≈20,000.
We then extract a cut-out color image from the SDSS sky-server and Legacy survey. As our prime goal is to find tidal debris around the dwarf galaxies, we first collect a sample of dwarf galaxies with observed tidal debris, without considering the origin of the debris at this stage. As might be expected, the majority of the tidal feature are created by interactions with their neighbor giant galaxies. This large sample of disrupted galaxies or galaxies that exhibit tidal debris contain more than 700 candidates. However, for this particular work, we focus on dwarf-dwarf interactions. Another comprehensive catalog of tidally interacting dwarf galaxies with nearby giant galaxies, similar to those studied in , will be published later (Paudel et al in preparation) .
Our visual inspection process involves multiple steps. First, we look for any signature of tidal features in the true color images. If a hint is found, we then re-examine the coadded fits file of the multiple bands available in the archive. The coaddition provides higher SNR than the single band images. Additionally, we also search for the availability of deeper images in various publicly available archives. In this regard, the archival images of the CHFT 2 were very helpful for visual confirmation of the presence of low surface brightness feature around dwarf galaxies. From the CHFT archive, we use the Megapipe stack 3 produced by The Elixir System (Gwyn 2008) . Megapipe stack images are a pipeline reduced images of CHFT MegaCam observation.
Finally, we classify the dwarf galaxies with tidal feature into two broad categories; dwarf-dwarf interaction/merger and dwarf-giant interactions. We show examples of these two classes in Figure 1 . The first row shows images of the tidal distortion of dwarf galaxies by nearby giant galaxies and in the second row we show examples of merging dwarf galaxies. It is not always trivial to determine if the observed tidal features were created by merging dwarf galaxies except when the interacting pair have not completely merged yet -like, for example, in the Antennae-like dwarf galaxies (see lower left panel of Figure 1 ) or simply interacting pairs (see lower middle panel of Figure 1 ). However, from our past experience, we can often suspect a particular origin according to the appearance of the observed low-surface brightness tidal features. For example, we have shown that shell features about dwarf galaxies are well produced by a merger origin . Meanwhile, an S-shaped elongated stellar envelope is likely to be produced by tidal stretching from a nearby giant galaxy (Paudel et al. 2013; Paudel & Ree 2014) . These selection criteria are indeed subjective. But, we are keen to avoid including dwarfs that are interacting with a giant galaxy in this catalog. This may create a bias against merged dwarfs near giants, see discussion §6.
Sample classification
The final sample consists of 177 systems with a limit in the combined stellar mass of the system of <10 10 M .
We further classify these objects according to the morphology of their tidal features, mainly grouping them into three categories; Interacting, Shell and Tidal tail features. In addition to this, in some cases, we further sub-classify them according to the details of observed low surface brightness feature, see below. Note-The first column is number. We list the Interacting dwarf (Id), coordinates (RA and Dec) and redshift in columns 2, 3, 4, and 5, respectively. The Ids are in 'hmdm' format. FUV, NUV, g, and r photometric data is listed in columns 6-9. We present morphological class of merging dwarf systems, obtained according to § 2.2 in column 10. In the last column we provide Name of galaxies that we found in NED.
• Interacting (I): In this class, we identify ongoing interactions between two dwarf galaxies. If the two interacting dwarf galaxies are visibly distinct, we simply designate it with an 'I' (e.g. Id0217-0742), and if they are overlapping, or the progenitor galaxies are not distinct, we also give it an 'M' (Merged, e.g Id01250759). Additionally, if we see a bridge connecting the interacting galaxies we add 'B' (for bridge, e.g. Id01482838). A dwarf analog of the famous Antennae system (NGC 4038/NGC 4039) is represented by 'A' (for Antennae e.g. Id0202-0922).
• Shell (Sh): The presence of shell features can be seen e.g. Id0155-0011.
• Tidal tail (T): Simply defined as the presence of amorphous tidal features, mostly tidal streams or plumes, which can not be placed into the above classifications, e.g Id08092137. We notice that the majority of tidal tails are relatively redder than their galaxy's main body (so likely a distinct stellar population). Thus, they might better be described as stellar streams, in which case we add an 'S', e.g. Id0222-0830. Also, if we see a loop of a stellar stream around the galaxies, we identify this with an 'L', e.g. Id09530702.
We show various examples of these classification in Figure 2 . It is worth noting that the above classification scheme is not mutually exclusive, and in a number of cases there are overlaps. For example, some interacting galaxies also posses multiple tidal features, like shells or stellar stream, even when the two parent dwarf galaxies are not yet fully merged. Id11253803 is the best example of this kind. We show an example of these different morphological classes of merging dwarf galaxies in Figure 2. 3. DATA ANALYSIS To perform the photometric analysis and measure the total luminosity, we exclusively use the SDSS image data, unless explicitly mentioned otherwise. This is because the SDSS provides the best homogeneous imaging data. We retrieved archival images from the SDSS-III database (Abazajian et al. 2009 ). Since the SDSS data archive provides well calibrated and skybackground subtracted images, no further effort has been made in this regard. We derive the g and r−band magnitudes. To do this, we measure the total flux by placing a large aperture which covers both interacting galaxies and the stellar streams around them. While doing so, unrelated background and foreground objects were masked manually. This procedure is quite straight forward if the interacting galaxies are not well separated or already merged. In the case of interacting systems, when the galaxies involved are well separated (class I), the apertures are chosen in two different ways -first a large aperture covering both the interacting galaxies is used to measure the total flux of the system, as done for the other classes. Additionally, we also use smaller apertures to measure the flux of the individual galaxies. However, we emphasize that we only use the aperture photometry of the individual interacting galaxies to calculate their mass ratio. For the rest of the physical parameters we present in this work, values are given for the total system (e.g. magnitudes, g − r colors, stellar masses and star-formation rates).
There are only six candidate galaxies which are located outside of the SDSS covered region of sky. In these cases, we use images from the Legacy survey. We maintain similar procedures for the aperture photometry as were applied with the SDSS images.
For many galaxies (146 out of 177), we found there were GALEX all-sky survey observations available (Martin et al. 2005 ). Since they are mostly star-forming, almost all are detected in FUV and NUV-band GALEX all-sky survey images. In these cases, we perform aperture photometry on the GALEX image, following the same procedure as we used for the optical images. However, we only calculate the total UV flux of the systems, and not for the individual galaxies, because the GALEX images have a spatial resolution of only 5" and the individual galaxies are not well resolved.
The distances to the galaxies are taken from NED. For those where NED does not provide a redshift independent distance, we calculate it based on Hubble flow assuming the cosmological parameters defined in §1. We use the python code, cosmocalc, available in astropy to calculate cosmological distances based on the radial velocities. The radial velocities are not corrected for Virgo-centric flow. The derived magnitudes were corrected for the Galactic extinction using Schlafly & Finkbeiner (2011) , but not for internal extinction. The star formation rates (SFRs) are derived from the FUV fluxes applying a foreground Galactic extinction correction (A F U V = 7.9 × E(B -V) Lee et al. 2009 ). We use the equation (SFR(M yr −1 ) = 1.4 ×10 −28 L ν (UV)(erg s −1 Hz −1 ) Kennicutt 1998). The stellar masses were derived from the SDSS−r band magnitude with a mass to light ratio tabulated by Bell et al. (2003) appropriate to the observed g − r color. the symmetrical-shaped shell features that were found in Paudel et al. (2017) (e.g. Id09381942, Id10354614, Id12464814) . In , we studied three dwarf galaxies and, with help of idealized numerical simulation, found that they had suffered a very recent (in last few hundred Myr), near equal mass merger which explained their symmetry. However, in some cases, the shell dwarfs do not show such symmetry in their shells (e.g. Id11253803 ) and in two we find that shell and tidal tails features coexist with each other (Id11253803 and Id11292034). In these cases, the shells are generally higher surface brightness than the tidal tails. There are three dwarf galaxy systems (Id0202-0922, Id1448-0342, Id14503534) which can be considered dwarf analogues to the Antennae system (NGC 4038/4039).
We present the result of aperture photometry in Table 1. We list the positions (RA and DEC) and redshift of candidate dwarf galaxies in column 2, 3 and 4, respectively. Optical g and r band magnitude are listed in column 5 and 6, respectively. Next we list FUV and NUV band magnitudes in the column 7 and 8, respectively. The classification of morphological feature are given in column 9.
We show the redshift distribution of our catalog of dwarf galaxies in Figure 3 . The median redshift of this sample is 0.01. Next, we show the total stellar mass distribution of interacting/merging dwarf galaxies in Figure 4 . It is not surprising that this sample is some what biased towards the brighter end of our stellar mass cut. Nevertheless, the range of stellar mass coverage is of order 3 magnitudes, with the median value of log(M * /M ) = 9.1. The minimum mass galaxy, Id10354614, has a similar stellar mass to the local group Fornax dwarf galaxy or Virgo cluster dwarf galaxy VCC1407, both are well known for their shell feature and well discussed as a merger remnant Coleman et al. 2004 ).
The g − r color distribution shown in Figure 5 right panel, reveals that this sample is overwhelmingly dominated by star-forming galaxies with similar colors to Blue Compact Dwarf galaxies (BCDs Meyer et al. 2014) . Our sample has a median value of g − r color index = 0.32 mag. For comparison, we also show a sample of early-type galaxies from Janz & Lisker (2009) which clearly offsets from our sample galaxies, creating a redsequence above the star-forming galaxies in the colormagnitude relation. In fact, there are only three galaxies (Id10080227, Id12474709 and Id12561630) which have a g − r color index more red than 0.5 mag and they are also morphologically akin to the early-type galaxies.
As previously mentioned, the overwhelming majority of galaxies in this sample are blue and they are also detected in the GALEX all sky survey FUV band image which further confirms ongoing active star-formation. Figure 11 illustrates the relation between the B-band absolute magnitude and the star-formation rate. The B-band magnitudes are derived from the SDSS g and r-band magnitudes using the equation B = g + 0.3130 × (g−r)+0.2271 (Lupton 2005 4 ). For comparison, we also plot data from Lee et al. (2009) , see gray symbol, who study the FUV-derived star formation rates of local volume (<11 Mpc) star-forming galaxies. From this figure, it is clear that these interacting dwarfs galaxies do not differ from the trend made by local volume star-forming galaxies.
Among the interacting system there are 76 for which we can clearly separate out the individual interacting members (only 'I' class), which we will refer to as an 'interacting dwarf pair'. To measure the mass ratio of interacting dwarf pair, we perform the aperture photometry in the SDSS r-band images on the individual interacting galaxies. Note that this is actually the flux ratio (larger flux /smaller flux) but, under the assumption of similar stellar populations in both galaxies, we simply use the the term mass ratio. Among the interacting dwarf pairs, we find that both member galaxies share similar g − r colors which also validates our assumption of similar stellar populations. We show the distribution of their mass ratios in Figure 7 . It is clear that the majority of interactions are major interaction with a mass ratio of 5 or less, and the median is 4. The first bin of the histogram includes 13 systems (17% of the total) which can be considered equal mass mergers. In reverse, there are 15 systems (20% of the total) which have a mass ratio larger than 10, which can be considered a minor merger. The maximum mass ratio is 120 in the case of Id14392323. Among the 76 dwarf interacting pair we find that there are 38 systems where radial velocities are available for both members of interacting pair dwarf galaxies. As the right panel of Figure 7 indicates, the relative line of sight velocity between the interacting dwarf pairs is relatively low and, only in two cases, it is higher than 100 km/s.
For our sample of merging dwarf galaxies, we also collected neutral Hydrogen (HI) masses from the CDS server 5 . Since this data is assembled from various sources in the literature, we caution about the heterogeneity of the results. The various sources may use different beam sizes, and exposure times, depending on the aim and scope of their individual projects (Paturel et al. 2003; Meyer et al. 2004; Giovanelli et al. 2005; Courtois & Tully 2015) . They are mostly from single dish observations, and we expect that a typical beam size of 3 , like the Arecibo telescope, would be sufficient to entirely cover the interacting dwarf galaxies, and therefore must be considered as measurements for the total, combined system. We found HI masses for 109 merging dwarf galaxies, as listed in Table 2 . Figure 8 reveals the relation between the HI mass fraction and stellar mass of the star-forming galaxies. It is clear from this figure that our interacting dwarf sample clearly follow the HI mass fraction and stellar mass relation of other star-forming galaxies in the local Universe Leroy et al. (2008) . We show the distribution of HI mass fraction in the right panel. The median value of the gas mass fraction of our sample is M HI /M * = 1.09.
DISCUSSION
In this paper, we present a sample of interacting dwarf galaxy systems. Given the large heterogeneity in the data collection procedure, probably part of the scientific discussion can only be considered as a qualitative. However, merging/interacting dwarf galaxies are not thought to be a common phenomenon in the local Universe. According to hierarchical cosmology, theory predicts that they are common in the early-universe. To date, no systematic effort has been made to present a sample of interacting dwarf galaxies which is statistical enough to study the properties of interacting dwarf galaxies and their role in the evolution of low mass galaxies. This is the first publicly available catalog in this regard.
Comparison to previous study
A previous study of interacting pairs of dwarf galaxies, (Stierwalt et al. 2015 , here after S15), mainly focuses on a statistical analysis of environmental effects on interacting pairs of dwarf galaxies (Patton et al. 2013 ). Like in this study, S15 also uses SDSS imaging to select their sample galaxies, therefore we expect that both samples cover the same areas of sky. But probably, the main difference is their redshift coverage. Our sample's redshift range is <0.02, while the S15 sample galaxies have redshifts up to 0.07.
In addition to this, S15 performed a careful selection of a control sample and a working sample to remove biases due to the sample selection procedure, when comparing the samples. In contrast, in this work we first aim to present a large catalog of merging dwarf systems which will be helpful for a detailed study of various properties of interacting/merging dwarf galaxies in the future. We provide basic properties, such as sky-position, redshift, stellar-mass and star-formation rate. Further, having these properties in hand we also try to assess the effect of environment on our sample galaxies, comparing gasmass fraction and star formation rate (SFR) between merging dwarf systems and that of normal galaxies from local volume. We mainly compile our comparison sample data from the literature, thus we caution that our comparative study may not be as statistically rigorous as that of the S15 comparative study between interacting dwarf and non-interacting dwarf galaxies. However, we include the comparison simply to give the properties of our sample some context in comparison to a sample of non-interacting dwarfs of similar mass.
In S15 sample, the pair galaxies needed to have a separation velocity less than 300 km/s which means they required that there be a measured radial velocity for both galaxies. In contrast, we select interacting dwarf galaxies according to their observed tidal features, and it is not necessary to have a radial velocity for both interacting members. This means we are able to study merging dwarfs over a far greater range of merging stages, even when one dwarf has fully merged with another and the only indication of the event might be the remaining tidal features. A good example of this can be found in our shell feature dwarfs.
While comparing S15 sample with only interacting pair (I class), we find significance difference in mass ratio of member dwarf galaxies of interacting pair. S15 overwhelmingly dominated by small mass ratio pairs, i.e 93% of their sample is less than mass ratio 5 and in our case less than half, only 42% , interacting pair have mass ratio less than 5. In addition, while comparing radial velocity separation between interacting, although we find a relatively low number of systems that have radial velocity measurements for both interacting member dwarf galaxies of our sample, we find a clear difference with S15 -only 2 out of 36 (5%) have a relative line of sight velocity larger than 100 km/s and 15 out of 60 (25%) interacting dwarf pairs in the S15 sample have relative line of sight velocities larger than 100 km/s.
Another interesting difference is that S15 find there is an enhanced SFR between dwarf galaxies at small separations from their partner, compared to a control sample of isolated dwarf galaxies. However, in Figure 6 we find no evidence for an enhanced SFR in our merging dwarf systems compared to a sample of star-forming galaxies of local volume. One reason we see no clear enhancement in SFR could be because we don't attempt to control for separation distance. Also, S15 compared a homogeneously selected control sample with interacting dwarf-pairs, while we simply use data compiled from the literature as a comparison sample. In fact, a small number of the S15 galaxies can be found in common with this sample, although they follow the same trend as our sample (see Figure 6 .)
Another part of the difference could emerge from the way we derived SFR. S15 used catalog values of SFRs from Brinchmann et al. (2004) , which is derived from H α emission line flux of the SDSS fiber spectroscopic data. On the other hand, we have used the FUV flux to derive the SFR where the FUV emission traces recent star formation over longer time scales compared to H α . However note that, to derive SFR we have used FUV flux only corrected for foreground Galactic extinction but not internal extinction therefore these values are, in many case, would be a lower limit. In the future, we will consider full SED fitting, including infrared wavelengths, in order to better constrain their SFRs.
Environment
We now turn to the surrounding environment of our merging dwarf systems. For this work we characterize the surrounding environment by searching for neighboring giant galaxies (M K < -20 mag, corresponding to a stellar mass of >10 10 ), within a sky projected distance of less than 700 kpc, and a relative line of sight radial velocity of less than ±700 km/s. This is the similar criteria that we have previously used to search for isolated early-type dwarf galaxies in .
We find that only 41 dwarf galaxy merging systems have giant neighbors. he median stellar mass of the giant neighbors is 6×10 10 M . For convenience, we called them satellite merging dwarf system and the rests are isolated merging dwarf systems, here after. Among 41 satellite merging systems, there are 19 'I' class systems (interacting dwarf pairs) where we identify ongoing Number of dwarf merging systems Figure 10 . Total number of galaxies, including both giants and dwarfs, within an area coverage of 700 kpc radius and ±700 km/s line of sight radial velocity around merging dwarf systems. The last gray bar represents number of merging dwarf systems which have more than 10 neighbor galaxies. interaction between dwarf galaxies. Shell features are found in 10 systems and the remaining 12 are a mixture of E/T/S classes.
Interestingly, all three early-type merging dwarfs are located at large sky projected distance from the giant galaxies, beyond 700 kpc. In fact, already pointed out that Id10080227 is a compact elliptical galaxy (cE Chilingarian (2009)), located in isolation, which may have formed through the merging of dwarf galaxies.
In Figure 9 , we show a phase space diagram of the satellite merging dwarf systems. It is clear from this figure that our satellite merging dwarf systems are located comparatively farther than the distance of the LMC-SMC system is from the Milky-Way (MW). We also highlight the position of UGC 4703, which we studied as an LMC-SMC-MW analog in , and lies in a similar region in phase space. The dashed line represents the escape velocity as a function of radius for a Milky-Way like galaxy, based on the best match model to the Milky-way from Klypin et al. (2002) . The two highlighted interacting dwarf pairs, LMC-SMC and UGC 4703 are located at small radius and large velocity, near the escape velocity boundary, perhaps indicating they are recent infallers into their host (Rhee et al. 2017) . It seems that only half of the satellite merging dwarf systems are clearly bound to their hosts, (assuming their hosts are MW-like), i.e located below the escape velocity line. The rest are scattered well beyond the escape velocity boundary, and often at distances >400 kpc which is at least twice the Virial radius of a MW-like galaxy. Thus it is probable that many of these are not bound to their hosts, and in many cases our selection criteria of 700 kpc search radius and ±700 km/s velocity range is not robust enough to characterize if our merging dwarfs are hosted by a nearest giant host. The phase space diagram also reveals that there is no special difference between satellite interacting dwarf pairs (shown as empty circle symbols) and the rest of the sample, that have likely already merged (shown as black dot), in their location of their phase-space diagram.
We compare the star-formation rates of candidate satellites and isolated merging dwarf system, see Figure 11 . The black dot represent the satellite candidates and blue dots represent isolated. From this figure, it is clear that both the isolated and satellite merging dwarf system have similar star formation properties compared with Lee et al. (2009) . We also find only a marginal difference in the distribution of gas mass fraction of satellite and isolated dwarf systems with the median values 1.04 and 1.09, respectively. This is slightly contradictory to the finding of S15, where they found interacting dwarfs located near to the giant galaxy are likely to have a lower gas mass fraction.
We also attempt using number density to characterize the surrounding environment of merging dwarf systems. For this we, simply searched the number of galaxies, both giant and dwarf, within the above mentioned search area (i.e within 700 kpc radius and ±700 km/s line of sight radial velocity). For this, we also remove those merging dwarf systems which have a line of sight radial velocity less than 900 km/s to avoid distance uncertainties of nearby galaxies.
We find that a significant fraction, 30 out 177, merging dwarf systems have no neighbor, not even another dwarf galaxy, within our search area. In contrast, more than 10 neighbors are found only for 32 cases, and they are mostly interacting satellites. We show a simple histogram of the number of galaxies (which include both giants and dwarfs) found in the search area in Figure 10 . The last bin (the gray histogram) represents the number of merging dwarf systems which have more than 10 neighbors within our search area. From this figure, it is clear that the probability of finding a merging dwarf system increases in low density environments. The median neighbor number of merging dwarf systems in this sample is 4.
CONCLUSIONS AND REMARKS
We have collected a catalog of 177 merging dwarf systems, spanning the stellar mass range from 10 7 to 10 10 M in a redshift range z < 0.02. The sample is overwhelmingly dominated by star-forming galaxies and they are located significantly below the red-sequence in the observed color-magnitude relation. The fraction of early-type dwarf galaxies is only 3 out of 177. Star forming objects may be preferentially selected because of the criterion to have a redshift and it is easy to measure redshift from emission line of star-forming galaxies than absorption line of non star-forming galaxies.
We classify the morphology of the low surface brightness feature into various categories such as shells, stellar streams, loops, Antennae-like systems, or simply interacting. These different types of low surface brightness features may hint at objects in different stages of their interactions. For example, the shell feature might be the product of a complete coalescence, while two well separated interacting dwarfs are probably in the earlier stages of their interaction. There are three dwarf galaxies (Id0202-0922, Id1448-0342, Id14503534) that can be considered dwarf analogues to the Antennaesystem (NGC 4038/4039).
A potential problem with these types of catalog is that they are inherently inhomogeneous and incomplete. Because they are selected from visual inspection of lowsurface brightness feature, this depends on the depth of the imaging survey, and on how well defined the tidal features are. As a result, this is in many ways very subjective. We certainly caution on the completeness of the catalog and there maybe many possible biases in our selection procedure. For example, dwarf galaxies with tidal features whose origin is unclear and are located near to a giant (M * > 10 10 ) host galaxy have been selectively removed. That may lead to an artificial reduction in the number of merging dwarf systems near giant galaxies.
However, more isolated dwarf interacting pairs do not suffer this issue, as there is no uncertainty as to whether a giant galaxy is responsible for the observed fine structure (e.g. tidal streams, tails, shells, etc). Therefore, we believe our sample will be more complete for these kinds of objects, as long as the interacting pairs show similar low surface brightness features as presented by our sample. We believe that it makes physical sense that dwarf systems struggle to merge in the presence of a nearby giant galaxy. Dwarf galaxies have small escape velocities, owing to their small masses. As a result only a small amount of peculiar motion, due to the potential well of a giant galaxy, might be enough to make it nearly impossible for dwarfs to meet at low enough velocities to merge. Thus, we suspect that our selection criteria maybe simply enhancing a real dependency on distance to the nearest giant galaxy. In any case, we find that there is no significant difference in the phase-space diagram of dwarf interacting pair (I class) and the rest of the sample.
In conclusion, we present a large set of interacting and merging dwarf systems, including aperture photometry in UV and optical bands, as well as stellar masses, star formation rates, gas masses and stellar mass ratios. This data might be useful for detailed studies of dwarf-dwarf interactions in the near future. Figure 12. These postage images are prepared from fits images downloaded from various archive. On the top of each row, we list identification of these galaxies according to Table 1 . The field of view and color stretching is arbitrarily chosen to make best view of both interacting galaxies and low-surface brightness features. An image scale of 30" is shown by the black horizontal bar. 
